Determination of mono-and diacylglycerols in edible oils and fats by high performance liquid chromatography and evaporative light scattering detector (ELSD): Results of collaborative studies and the standardized method (Technical Report)
INTRODUCTION
Mono-and diacylglycerols, commonly also designated as mono and diglycerides are partial fatty acid glycerol esters naturally accompanying edible oils and fats being basically triacylglycerols. They are formed by hydrolysis of oils and fats during storage of oil and fat bearing materials. Due to their chemical nature they act as emulsi®ers. Their presence in a oil or fat in¯uence its ease of application in food preparation. Therefore, there is a keen interest to relay on a standardized method for the detection and determination of mono-and diacylglycerols in edible oils and fats. Further, commercial preparations of partial acylglycerols are used as authorised food grade emulsi®ers.
The determination according to the IUPAC method 2.326 [1] of mono-and diacylglycerols by gas chromatography involves derivatisation of the free hydroxy groups into the more volatile trimethylsilyl ether derivatives prior to gas-chromatographic separation.
Liu et al.
[2] described an easy to carry out method for determination of partial glycerides based on HPLC separation and determination using an Evaporative Light Scattering Detector (ELSD) [3] .
The ELSD is an universal detector whose response is a function of the mass of the analyte. Liu could obtain an approximate linear relationship between the detector response and the mass of the analyte by plotting log (ELSD response) vs. log (mass of the analyte) with a correlation coef®cient r 2 0.996 ( Fig. 1) The ESLD system shows no solvent peak and therefore a solvent gradient system can be applied to increase separation of acylglycerols. As further advantage, no sample pretreatment is necessary, These facts had emphasised the desirability of standardising a procedure based on HPLC and ELSD.
First collaborative study 1992/93
Four samples with blind duplicates were sent to 12 laboratories for analysis. Samples were based on sun¯ower oil spiked with known amounts of mono-and diacylglycerols. A sample called`practice sample' was sent for analysis too.
Participants were asked to set up a calibration of their HPLC-detector system with additionally supplied mono and diacylglycerols and to apply a linear and quadratic regression between log detector response and log mass of the test portion. The analytical results should then have been evaluated according to these two ways of correlation. Each participant was further asked to determine twice each coded sample and report these results.
Only seven laboratories sent results in due form and one sent results obtained by linear regression only. One laboratory reported far too high results and was therefore eliminated since the beginning. Among accepted results outliers were eliminated by Cochran's and Dixon's outlier tests.
Reported results were statistically evaluated using both the linear and the quadratic correlation between log detector response and log mass of the test portion for monoacylglycerol and diacylglycerol.
There were considerably more outliers associated with the determination of diacylglycerols than monoacylglycerols; however, the number was less with the quadratic equation than with linear equation. There seemed to be a greater variability associated with the use of the quadratic equation for calculating the partial acylglycerol content, but the average values were closer to the known values than the average values obtained with the linear equation.
The 1-mono and 1,3-dipalmitin reference standards were prepared by dissolving the partial glycerols in corn oil by heating. This formed additional partial acylglycerols so that the theoretical value could not be used as a reference value for the study. Therefore, the commission agreed to carry out a second collaborative study with more care devoted to the preparation of the reference samples.
Second collaborative study 1994/95
In the following year the study was repeated once again, but with samples prepared more cautiously. Samples similar to the previous study were mailed to 11 laboratories, but only 9 laboratories reported results. Of these, only two laboratories reported results that agreed closely to the estimated values. Results from the other laboratories were off by factors ranging from 200 to 1000. These laboratories were asked to recalculate their results and report them in grams per 100 g of sample. Accepted results from the laboratories are statistically evaluated. Results are given in Tables 1 and 2 , for monoacylglycerol (Table 1) and diacylglycerol (Table 2) .
In general, the accepted results gave average values that were close to the known values. Values for reproducibility seemed to be reasonable; however, values for reproducibility were rather high, indicating possible problems in the application of the method in the different laboratories although there is consistency within laboratories.
While the method appears to have merits, there do seem to be problems of application of the method although two participant independent laboratories found during each study practically identical results. The small number of participants could be due to the unfamiliarity of laboratories involved with the ELSD system. The American Oil Chemist's Society adopted this method as a preliminary one as Cd 11d-96 in their methods for the analysis of oils and fats.
The commission decided to adopt the method on a preliminary base too. The text of the evaluated method is given on the following pages.
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DETERMINATION OF MONO-AND DIACYLGLYCEROLS BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY AND EVAPORATIVE LIGHT SCATTERING DETECTOR: RESULTS OF A COLLABORATIVE STUDY AND THE STANDARDIZED METHOD 1 Scope
This standard describes a method for the determination of mono-and di-acylglycerols (partial glycerides) by high performance liquid chromatography (HPLC) and evaporative light scattering detector (ELSD) in edible oils and fats and commercial food emulsi®er preparations based on partial glycerides. 
Field of application
This standard is applicable to mono-and diacylglycerols in edible oils and fats and mono and diacylglycerol concentrates (see note 1).
Principle
Samples are dissolved in a solvent mixture consisting of n-hexane and 2-propanol and analysed without derivatisation. Neutral lipid classes are separated with normal phase HPLC and the partial glycerides present are determined with ELSD (evaporative light scattering detector). The ELSD response of the sample components is with a log(response)/log(mass) calibration curve based on ELSD response to mass calibration standards identical to the sample components (see note 2).
Apparatus
4.1 HPLC system consisting of a high pressure pump, sample injection device, detector and recording integrator with the following minimum requirements X column heater;
X programmable dual channel gradient;
X solvent degassing station; X ELSD detector with drift tube to be heated (see note 3). 4.2 HPLC-Column, 150 mm´4.6 mm with a stationary phase of silica gel of 10 mm particle size, e.g. Chromegasphere SI-60 stationery phase or similar (see note 4). 
Monoacylglycerol emulsi®ers
Weigh to within 0.1 mg, approximately 100 mg of vegetable oil into a 50 mL volumetric¯ask (4.3.1)
Dissolve sample in n-hexane (5.1.1)/2-propanol (5.1.2) mixture (5.3.5) and bring to 50 mL volume with the solvent mixture (5.3.5).
Calibration of the detector 6.2.1 Mono-and diacylglycerols
Determine the responses of the ELSD to 1,3-distearin, 1,3-dipalmitin, 1,3-diolein (and other diacylglycerols as needed), and to 1-monostearin, 1-monopalmitin and 1-monoolein (and other monoacylglycerols as needed) by preparing series of solutions from individual standards. Standards should be of at least 99% purity Approximately 0.1 g of each of 1-monopalmitin and 1,3-dipalmitin are accurately weighted into a 100-mL volumetric¯ask (4.3.2), dissolved in a portion of the n-hexane/2-propanol solvent mixture (5.3.5), diluted to 100 mL with solvent mixture (5.3.5) and mix well to provide a stock solution.
From this stock solution of a concentration of approximately 1 mg/mL, prepare 1/2 and 1/10 dilutions with the n-hexane/2-propanol solvent mixture (5.3.5), to obtain approximately 0.5 and 0.1 mg/mL standard solutions. Use the 1, 0.5 and 0.1 mg/mL standard solutions to establish the calibration curve for mono-and diacylglycerols (see note 5) (see note 6).
Following the analysis of the three standard solutions according to 6.3 the log of the peak area is plotted against the log of the concentration of 1-mono-palmitin and 1,3-dipalmitin to obtain the calibration curves (three-point calibration curve). Use a quadratic equation to calculate results. A typical ELSD response curve for working standards is shown in Figs 1 and 2. 6.3 HPLC-working parameters
ELSD operating conditions
The working conditions for the ELSD depend from the system available.
For Varex ELSD II apply the following settings:
X Drift tube temperature maintained at 90 8C X Nitrogen carrier¯ow rate maintained at 30 mm (approximately 1.2 L/min) on the¯ow meter of the ELSD.
Elution program
X Column temperature maintained at 40 8C X Gradient program in Table 3 Determination of mono-and diacylglycerols in edible oils and fats 6.3 Inject 20 mL of solution of sample (6.1) or calibration standard (6.2)
When not in use, the column must be rinsed with the mixture of n-hexane/2-propanol/ethyl acetate (5.4.3) to remove formic acid. In applying a quadratic equation
where: Y is the log detector response; X is the log of mass (mg/mL) of the calibration standards; A is the intercept of the quadratic regression line with the y-axis; B and C are coef®cients of the quadratic equation
Calculate X from the following equation:
H Discard negative or unrealistic solutions for X Acylglycerol in g/100 g 100´10 x /mass of the test portion in mg/mL (6.1.1).
Notes
1 Phytosterols may interfere with the determination of 1,3-diacylglycerols in vegetable oils. The 1,3-diacylglycerols are resolved from the 1,2-diacylglycerol positional isomers, although some 1,3-diacylglycerols of low molecular weight interfere with the 1,2-diacylglycerols of high molecular weight. For monoacylglycerols, the separation between 1-and 3-acyl-and 2-acylglycerols is optimised only between those pairs with identical fatty acyl groups. Tables 1 and 2 (quadratic equation sections) .
Results of the inter-laboratory test
An inter-laboratory test carried out at the international level in 1995 by the IUPAC Commission on Oils, Fats and Derivatives, in which seven laboratories participated, each obtaining two test results for each sample, gave the statistical results (evaluated in accordance with ISO 5725-1986) summarised in Tables 1  and 2. 
